Permeability tests are widely used
The oral permeability tests have been used in health and disease. Changes in permeability have been seen after intake of drugs, including non-steroidal anti-inflammatory drugs (NSAIDS)6 7 and methotrexate.8 Even smoking9 and alcohol intake'0 induce changes in the permeation of macromolecules across the gut wall. In gastrointestinal diseases -that is, coeliac disease"I 12 and Crohn's disease'3 14 -permeability tests have been proposed for diagnosis and as activity parameters. They are easy to perform and can be used in children. In Crohn's disease, it was suggested that the defect of the intestinal barrier function might be an aetiological factor in the pathogenesis of the disease.'5 16 The leaky gut would permit an increased penetration of antigens towards the immunological system of the bowel.
Lack of standardisation, however, is an important problem with permeability tests. It is difficult to compare results of permeability studies reported in published works because the methodology varies greatly. Although the main permeability pathway is paracellular, different probes show a variability in intestinal permeation. Also the ingested amount, the osmolarity of solutions, and the duration of urinary collection vary greatly in different studies. ( 1 18 The total PEG-400 excretion was significantly lower after intake with the lactulosemannitol solution (17- (25. 14 (3 40)%, p=0 0001) (Fig 2) . Figure 3 shows a typical chromatogram of the oligomers in PEG-400. Although total PEG-400 permeation was significantly decreased when given with a hyperosmolar solution, there was only a minor effect of test conditions on PEG oligomers excretion (Fig 4) . A significant increase in permeation of the largest oligomers (P6, P7, P8) was found with starch.
The permeability index (Fig 5) showed a significantly decreased overall permeability for lactulose-mannitol solution (0-010 (0 004)) compared with glucose (0-024 (0 008), p= 0O0042), starch (0-22 (0 008), p= 0O0002), and liquid meal (0-020 (0-003), p=0-0005). The index was also significantly decreased with water (0.012 (0 005)). Interindividual variation of probe permeation and permeability index was lowest after liquid meal ingestion. differ but also the osmolarity of the ingested solutions, the osmotic filler used, the ingested amount, the duration of urine collection, feeding status, and the use of agents known to influence permeability.
In this study, we tried to standardise for test conditions and examined the effect of some test substances on permeation of molecules in healthy volunteers. We used the conditions previously used for permeability studies -that is, hyperosmolar substrate20 (lactulose-mannitol), plain water,'5 21 and a meal carrier.' 22 The other two substrates, glucose and starch, both important constituents of foods, were chosen to investigate the effect of their presence on intestinal permeability. The subjects had five consecutive tests. A significant decrease in PEG-400 and 51Cr-EDTA permeation and permeability index was found after intake with the hyperosmolar lactulose-mannitol solution. Studies in rats with lactulose as osmotic filler showed a decrease in 51Cr-EDTA permeability23 and Krugliak et al found a decreased PEG-400 absorption by increasing intraluminal osmolarity in rats.24 The driving force of permeation for both probes is probably the solvent drag. The addition of poorly absorbed osmotic fillers, lactulose and mannitol, increases the osmotic load in the lumen and reduces water absorption. Consequently the probe permeation is reduced. We think a hyperosmolar solution is less suitable for permeability studies, unless there is standardisation of the type of osmotic filler and a clear definition of the osmolarity used.
Although, the osmolarity is even higher for the glucose solution and almost the same for the liquid meal, the probes permeation is significantly higher than with the lactulosemannitol solution. A significant difference was not found for PEG-400 or for 51 Cr-EDTA permeation between a glucose solution, a starch solution or a liquid meal. These solutions contain osmotic substances, which are absorbed very quickly and which induce solvent drag. It is hypothesised that in these three test conditions glucose governs the rate of permeation. The work of Pappenheimer et a125 26 in animals is crucial to the understanding of the mechanism of probe absorption when these test solutions are used. Comparatively small intraluminal concentrations of glucose (10-20 mM) already saturate the Na-coupled active carrier transport. The primary function of this carrier is to transport glucose in the intercellular space to provide the osmotic force for fluid absorption. It also induces a condensation of the perijunctional ring, however, increasing the permeability of the occluding junctions and it induces a dilatation of the intercellular lateral spaces. This link between active transport and the cytoskeletal structures at the tight junctions is the reason why the greatest part of the absorption of hydrophobic nutrients takes place by solvent drag. In humans, however, a recent study by 
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Analysis of percentage excretion of each oligomer (nine peaks) showed only small differences between different test solutions. We found an overall decrease after the lactulose-mannitol solution without loss of selectivity. With a starch solution there was a slight but significant tendency towards an increased permeation of the high molecular weight PEGs (P6-P8). In general, the total amount of PEG excretion gives enough information about permeation for use as permeability tests in the clinical situation.
The duration of urine collection especially affects 5ICr-EDTA permeability.28 We used a six hour collection mainly for two reasons.
Firstly, we know that 5ICr-EDTA is preferentially absorbed in the duodenum and that after six hours the absorption is colonic. Our collection reflects small bowel permeability of 5ICr-EDTA. This is the reason why our results are lower than studies with a 24 hour collection.29 Secondly, it is generally accepted that in six hours most of the PEG-400 absorption is completed. 3 We conclude that different factors influence the result of intestinal permeability tests. For interpretation and understanding of intestinal permeability, standardisation of the tests is needed. We propose to use a standard liquid meal for all permneability studies because it best mimics the physiological condition of daily food intake and the interindividual variation of permeation of the probes in healthy volunteers is limited. Glucose and starch, both important constituents of food do not change permeation to a great extent. 51Cr-EDTA is easy to use and the results are easier to interpret than with PEG-400. This probe is particularly suitable to investigate small bowel permeation.
